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ABSTRACT 

Microwave upconversion in Impatt-amplifiers can be achieved by 
impressing the baseband (i.f.) signal on the bias circuit of the 
amplifier. Relatively large conversion gain can be obtained by use 
of such a scheme. A theoretical as well as experimental study of the 
conversion process in Impatt-amplifiers has been made. 

Theoretical analysis for small i.f. signals, based on admittance 
characteristics of the device and the circuit has been done. It was 
expected that sideband generation would be due predominently to the gain 
magnitude variations with the applied i.f. signal. Conversion characteristics 
are predicted to be similar to amplifier characteristics. A conversion 
gain of 5dB at small signal i.f. is predicted which is expected to 
increase for increasing i.f. levels. 

Experimental results obtained for two Impatt-amplifiers are in 
good qualitative agreement with the theory. A maximum conversion gain 
of 13d was obtained. The results indicate that there is a shift in 
admittance characteristics of the device with increased i.f. levels. 
Results also show that the response of microwave circuits at component 
frequencies plays an important role in determining converter response. 
Some sideband generation due to frequency (phase) modulation of the r.f. 
is also observed. 

An experimental investigation of the distortion introduced by the 


conversion process, using amplitude modulation of the i-f-, shows that 


the second harmonic is always more than 30dB below the fundamental. 
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CHAPTER 1 
INTRODUCTION 

Frequency upconverters play a very important role in microwave 
communication systems. In heterodyne relay and radar systems, the 
intermediate frequency (i.f.) is mixed with a microwave local oscillator 
frequency in an upconverter to obtain the modulated microwave signal. 
This signal is then transmitted after power amplification. Microwave 
upconverters in general, can be classified into two categories, 
employing either of the following properties: 

19 The non-linear capacitance of devices such as varactor diodes. 
28 The non-linear negative resistance of active devices. 

According to the Manley and Rowe theory, in nonlinear capacitance 
upconverters, it is theoretically possible to have a conversion gain 
€qual to the ratio of output to input frequency. In practice, however, 
there is a conversion loss of a few dB and the losses introduced by 
varactor diodes increase significantly at higher frequencies in the 
microwave range. Much higher conversion gains can be obtained using 
negative resistance upconverters at almost all frequencies in the micro- 
wave region. 

With the advent of solid state microwave sources in recent years 
and their successful use as oscillators and amplifiers, the second 
method deserves careful analysis and investigation. Out of all the solid- 
state microwave devices presently available, Impatt diodes are well 
recognised as relatively high power devices and are being put into use in 


communication systems. Impatt oscillators, when used as upconverters, 
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have a definite advantage over Impatt-amplifiers in that they are "self- 
pumped." However, they are normally unstable in frequency. Because of 
the considerations outlined above, the work described in this thesis is 


confined to the study of frequency conversion effects in Impatt-amplifiers. 


1.1 Historical Background: 


The generation of microwave power in a reverse biased p-n junction 
was originally suggested by Read [19] in 1958. It was not until 1965 
when Johnston et al.[15] first experimentally observed microwave oscillat- 
ions and Nopoli and Ikola [16] reported stable reflection gain from a 
reverse biased Impatt-diode. Significant progress has been made in 
analytical techniques for the design of Impatt-oscillators and amplifiers 
and also their performance characteristics, in the subsequent decade. 
Parametric amplification and side band translation (frequency conversion) 
using negative resistance properties of Impatt devices were first reported 
in 1966 by Grace [1] and Clorfeine [2]. Since then, different analytical 
approaches and improvements have been suggested by various workers for 
detailed studies of the upconversion process in avalanche-diodes [3] - 
[7]. All the analysis techniques are based on Read's model and the i.f. 
signal level is considered to be weak compared with a strong "pump" or 
"carrier". 

An approximate theory of two frequency interaction in the device 
is presented by Fakatsu [3]. Based on a simplified Read model of a 
diode with an abrupt junction and a triangular field pattern, impedance 


matrix coefficients are calculated in terms of the device parameters. 
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He also derived conditions for parametric negative resistance. Evans 
and Haddad [4], [5] presented a more extensive analysis for frequency- 
mixing properties of an oscillating diode by solving a nonlinear 
differential equation describing particle current in Impatt-diodes of 
relatively short transit time. A "self-pumped", two-port frequency 
converter was described in terms of its short circuit admittance par- 
ameters. In an extension of their work, Hines [7] derived parametric 
equations using an equivalent circuit for the Read diode model that 
included the effects of space charge and long transit times in the drift 
zone. Assuming linearisation of the relationship between ionization 
coefficients and the electric field, he reported important qualitative 
results for stability criteria for spurious oscillations of the 
"parametric" type, parametric amplification, frequency-conversion; noise- 
generation mechanism and noise enhancement by strong signals. 

Shen et al. [6] studied, experimentally, the mixing properties 
of Impatt-diode by impressing an external signal with frequency close 
to the self-oscillating frequency of the oscillator. The beats could 
be experimentally observed and the device used as a down-converter. 
He also studied the optimisation of conversion gain with bias current 
and i.f. frequency. A net conversion gain using an Impatt-amplifier 
(47 GHz band) was reported by Kita and Kanmuri [9]. They studied the 
conversion characteristics, the bandwidth characteristics and pulsed 
behavior with 400 Mb/s PCM and the results were reported to be satisfactory 
for the upconverter to be used in millimeter-wave relay equipment. 
They suggested that the sum and difference frequency components are 


generated by parametric effects, when two frequency components are in- 
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jected into the device. Frequency components, close to the optimum 
frequency of the diode predicted by Read, get amplified because of the 
negative resistance of diode at those frequencies, thus resulting in 


conversion gain. 


1.2 Outline of the Project: 


Most of the analytical approaches for the study of frequency- 
conversion effects in Impatt-devices that have been reported, basically 
depend upon the Read model. Various simplifying assumptions have been 
incorporated in the models and some important conclusions and qualitative 
results have been reported. The Read model is recognized as an imperfect 
representation of real diodes; therefore, the results are only approx- 
imate for practical devices. Moreover, the analysis and results are 
presented in terms of physical parameters of the device, which though 
very important for understanding of the device and the process are often 
inconvenient for an engineer or designer to use. 

The purpose of this project is to investigate another avenue of 
approach to analyse frequency conversion characteristics of avalanche 
diodes in terms of familiar engineering concepts. An analysis is 
presented based on admittance models of the device and the microwave 
circuit. This approach, in fact, is in line with Kita and Kanmuri's 
postulation on the conversion gain mechanism [9], mentioned in section 1.1. 

The analysis, as presented, has its own limitations because of 
the many assumptions on which it is based. 

The assumption that i.f. or signal level is quite weak as compared 
to a strong "pump" or microwave carrier, which has been the basis for 
almost all analysis on the topic in the past, is considered to hold for 


the present analysis as well. A further assumption is made, however, 
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that the weak bias signal does not affect the admittance versus frequency 
characteristics of the device. This assumption seems to hold upto a 
certain level of i.f. signal, as is evident from the results in Chapter 
IV. Any further assumptions made are explained during the course of 
discussion in the related chapters. The results presented are 
qualitative, although by extension of these concepts and a rigorous 
analysis it should paiposethze to obtain quantitative results. 

A simple theory and some experimental results for Impatt-amplifiers 
are presented in Chapter II. Theoretical analysis and results for up- 
conversion in Impatt-amplifiers based on typical admittance character- 
istics are presented in Chapter III. In Chapter IV, experimental results 
obtained for two Impatt-amplifier upconverters are discussed and some 
of the characteristics are explained. An experimental investigation of 
distortion introduced by the amplifier upconverter, when the baseband 
(i.f.) signal is amplitude modulated, has been made. In the conclusion, 
Chapter V, the results of this research are summarized. Considerations 
for further research to enable better understanding of the upconversion 


phenomena in Impatt-diodes are outlined. 
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CHAPTER II 
IMPATT-DIODE REFLECTION AMPLIFIERS 

This chapter deals with the basic concepts involved in the anlaysis 
and design of Impatt-amplifiers. Several analytical techniques for 
the detailed study and design of avalanche-diode amplifiers are avail- 
able in the literature. The admittance concepts that are relevant to 
the work in this thesis are discussed. Experimental results for two 
microwave Impatt-diode amplifiers, which were later used as upconverters, 


are presented. 


2.1 Introduction 

Considerable insight into the operation of the Impatt amplifier 
has been obtained since the time that it was first used as a stable gain 
reflection amplifier by Napoli and Ikola [16]. The admittance character- 
istics of the device and the circuit have been recognised as convenient 
tools for the understanding, as well as for analysis, of Impatt-amplifiers. 
The charge equations of the Read model have been solved for the study 
of small and large signal admittance behavior of the device [20], [21] 
and accurate methods are presently available for the measurement of 
these characteristics [22], [23], [24]. Many important amplifier character- 
istics such as gain, phase, bandwidth etc., can be predicted [12] from 
the real admittance data. The analysis of Impatt-amplifier character- 
istics, based on typical admittance data, is discussed in the following 
sections. It should be noted that the device admittance for the actual 
Impatt diodes used for the measured results, will be different from the data 
for the "typical device. However, it is expected that the device admittance 


behavior will be similar, so that the predicted theoretical results and the 


measured results will be qualitatively comparable. 
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2.2 Admittance Characteristics of an Impatt-amplifier: 


The device and circuit or load admittances measured by Laton 
and Haddad [12] for a typical amplifier are shown in Figure 2.1. These 
plots are referred to as a Device-Circuit diagram. The measurements 


were made for a silicon Read device with an assumed area of 1) seems 


’ 
4um length and a lum avalanche region width. The diode was mounted in 

a 50 2 coaxial cavity with a 322 quarter wavelength slug tuning. The 

bias current density was 500A/em” and the reference plane for admittances 

was taken as the chip itself, using the equivalent circuit as determined 

by Greiling and Haddad [20]. 

The following general observations about the admittance character- 
istics of an Impatt-diode can be made from the plots in Figure 2.1. 

The negative conductance of the device varies significantly with 
frequency over the useful range of operation. The implication of this 
feature is that wide band performance of the device is severely degraded 
and special considerations have to be given in broadband design. 

Both real and imaginary parts of the device admittance are strongly 
dependent on r.f. signal level. The rapid increase in the device 
susceptance with r.f. voltage occurs because an increase in r.f. voltage 
causes an increase in the conduction current. This, in turn, causes a 
nonlinear increase in the space charge in the diode during the generation 
of carriers. Thus, the capacitive susceptance of the device increases 
nonlinearly with increase in r.f. signal. Also, due to an increase in 
the space charge, the field in the avalanche region is flattened over a wider 


region. Thus the carriers are generated over a broader region and 


transit angle of the carriers is spread over a wider range. Only a few 


moan xd posuesen ames inh sg si ante. bah Se _ : = 
suai? tif pray? ab uae on RDAs Aeon nee 

“adasaiewssom ott saurrgntis 33k ode a met ariel | 
Sei*t ‘OL Yo mete boaaney na sdakw eatveh. baw y ae. 
at basen saw, phot oat: -Aadkin marge doom amet cd ba 
ant sgrikaus gule sucesiovan: Teamap ARE & dad abv ta 
cboessmbs. 201 wants womozatey yb Saa\woe te te so 
becitnteisidis as, SHupaty tuo Lovtupe ila gaten Mois snd a * | 
~rajan edo pani Fas or a mi) en macs at eit . 


& eagans tty? ot abi tors ae ; 
; a 
cobseremsg a3 gavagb hobby odd ait age, ote aa a sesorant ispniinea © 


i) oa 
aeeeo rant autival od? Yo" esradqaqpua, | | 
at ganetamk as oF oni. path -Lnehe tie a saints r ee claamabtanm, ee 

5 : 


aabhw 3 tgve hareatns¥ et waka dois lieve ‘ita! “ak NOR, ian qrateds saaqe aft. 
i: bas mokyes zohuoyd 4 ao eB on0agg eit aiostias ana? -pakgier ae : 
w vind eg abIn % ais, Sioaqaied atottia a mig? 


M 


18 


16 


Double-Tuned 14 


Amplifier 


12 


10 


-12 -10 -8 -6 -4 ~2 0 
CONDUCTANCE (mmho) 
FIG. 2.1 DEVICE-CIRCUIT DIAGRAM FOR A TYPICAL IMPATT-DIODE 


AMPLIFIER 


SUSCEPTANCE (mmho) 


ie — ot we - , 
"a bb oeanlt oe an | li far ’ 
0 EN al a ed ¢ “lathons re 


rat ‘ net i! 
Le bye vey 


re =a 
Ry P a F 

wei os Nem sae me 
nove? nis 


of the carriers experience the same optimum phase delay, thus causing 
a decrease in the negative conductance of the device with increase in 
r.f. signal level. 

The diode admittance also depends strongly upon the d.c. bias 
current through the device. A study of the admittance variation with 
bias current shows that negative conductance increases with increasing 
bias current, while the susceptance decreases only slightly E20} 2ol. 

The dependence of admittance characteristics on different doping 
profiles, different materials such as Si, Ge and GaAs, has been in- 


vestigated in the literature but will not be discussed here. 


2.3 A Reflection Amplifier Model: 


A model, described by Laton and Haddad [12] and useful in predict- 
ing the nonlinear behavior of reflection amplifiers, employing discrete 
device admittance data is discussed here. 

A schematic diagram of a circulator coupled reflection type Impatt- 
amplifier is shown in Figure 2.2. The reference plane for analysis is 
considered to be the diode wafer itself, the diode package, cavity, 
tuning and transforming network impedance being part of the circuit or 
load impedance. The circulator is assumed to be broad-band and ideal, 
and the source as well as the load are considered to be perfectly matched. 

The power gain of a reflection-type negative resistance amplifier 
is given by the square of its reflection coefficient and the phase shift 


by the angle of the reflection coefficient: 


Dp , 
Power Gain P = |r| ea ay C2519 
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Phase 9$ = /T = fone a euks (252) 
Ibe aa IE ; 
where 
Yp = Admittance seen looking towards the device at a convenient 
reference plane (diode wafer). 
YX = Admittance seen looking away from the device at the same 


reference plane. 


The asterisk indicates the Complex conjugate. 

For single frequency operation, the expressions (2.1) and (2.2) 
can be used to calculate the theoretical gain and phase shift at the 
reference plane. It is implicitly assumed that all the harmonics of 
the r.f. voltage are shorted by the diode package and the microwave 
CiTcuLt, 

Representing admittances as vectors in the complex admittance plane, 
the numerator and denominator of (2.1) can also be represented as vectors 
N and D respectively as shown in Figure 2.3. 


> > 
In terms of N and D, therefore, 


=D 
N 
Power Gain P = _[N|" (2.3) 
|B| 
where 
> > +> * 
Numerator vector N = ¥, on YD (2.4) 
~~ > z 
Denominator vector D = Xp + L 


- ven -(- i) (2.5) 
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> > > 
For a large negative conductance,Y) can be comparable to -Y so that D is 


much smaller than N. This gives a large power gain. Also, any small change in 


load or device admittance will cause a relatively large change in [| 
and an insignificant change in |n|. For high gains, therefore, the 


performance characteristics of Impatt-amplifiers can be studied by 


examining 1/|B ‘ 
> 
In the limit as |D| approaches zero, power gain becomes infinite 


and oscillations will occur. From (2.4) the condition of oscillation 


in terms of admittances, becomes: 


= 0 or ¥. =- ‘- (2.6) 

which is indicated on the vector diagram in Figure 2.3. 

Considering the device admittance to be in the second quadrant 

away from the origin (large capacitive susceptance and negative resistance 

of the device), then using Figure 2.1, the characteristics of the 

amplifier can be explained as follows: 

2 Since the device and load admittance curves do not intersect, the 
amplifier is stable. An implied stability requirement therefore 
becomes that the real part of circuit admittance must be larger 
than the magnitude of the real part of the device admittance. 

ya Approximate magnitude of the gain will be inversely proportional 
to the distance between negative of circuit and device operating 
points. Maximum gain is expected near a frequency of 10 GHz where 


= 2 : 2 
|D| is minimun. 
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3. As the level of the microwave signal increases, [D| increases 

but undergoes a smaller percentage variation with frequency. 

Therefore, reduced peak gains with large bandwidths may be expected. 
ia As discussed in the previous section, the device susceptance is 

an increasing function of r.f. voltage. As the input power level 

increases, the frequency at which peak gain occurs should, there- 

fore, shift downwards. For the same reason, the frequency at which 
phase shift in the amplifier is zero should shift downwards with 
increasing input power levels. 

Theoretical calculations of Impatt-amplifier gain, from typical 
admittance data in Figure 2.1, as a function of frequency were made 
(Figure 2.4). All the observations made in the above discussion are 
quite apparent from these plots. 

For a broadband reflection gain amplifier the requirement can be 
explicitly defined in terms of the circuit admittance behavior. for a 
given device. It is required that the (negative) circuit admittance 
should run parallel to the device admittance curve with its real part 
always greater than that of the device and with its imaginary parts 
being equal at all frequencies within the operating range. An exact 
realization of such a requirement seems to be very difficult because the 
circuit susceptance behaviour displays frequency dependence opposite to 
that defined above, as evident from Figure 2.1. However, using a some- 
what complicated tuning scheme it is possible to meet the above require- 
ment over a limited frequency range. This happens when a loop can be 
formed in the circuit admittance characteristics using additional tuning 
elements. The requirement is indicated by dotted circuit admittance curve 


in Figure 2.1. More care is needed in tuning while using such a scheme, 
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because the amplifier tends to be unstable for many tuning positions. 


2.4 Experimental Results: 


Experimental results were obtained for two amplifiers; a single- 
tuned narrow band coaxial cavity amplifier and a double-tuned relatively 
broad band waveguide amplifier. The device used for both the set ups 
was an HP5082-0435 X-band Impatt-diode. Since the analysis is done in 
a qualitative sense only, the results presented are measured at the 
output port of the amplifier. The measurements were made on a point 


by point basis using the experimental set up discussed in section 2.4.1. 


2.4.1 Measurement Circuit Used: 

The circuit used for measurement of the amplifier performance 
characteristics is shown in Figure 2.5. A three-port circulator 
(Sperry D43X21) with a minimum isolation of 20 dB was used to separate the 
output of the reflection amplifier from the input. The input and output 
were sampled by using two 10 dB (HPX752C) directional couplers. By 
means of waveguide switches the input frequency and power level as well 
as the output spectrum and power level were monitored. The sweep 
oscillator (HP8620A) was operated in CW mode for all the measurements 
except when the amplifier gain characteristics were to be observed on 
the oscilloscope. In the swept frequency measurements the sweep output 
was applied to the horizontal input of the oscilloscope and the d.c. out- 
put from the detector mount went to the vertical input. The gain versus 
frequency characteristics could be displayed on the scope screen. Two 
precision attenuators (HP/-X382A) were used in the input and output. A 


slide-screw tuner is normally required for the tuning of amplifiers. 
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Careful adjustment of the tuner could be done while observing the 
output spectrum on the spectrum analyzer (HP-8555A; r.f. section) and 
the gain response on the oscilloscope screen. 

Phase shift introduced by amplifiers was measured by using a magic- 
tee. Input signal was applied at port 1 through a phase shifter and 
the output signal was applied to port 2 through an attenuator,port 4 
being match terminated. Phase at port 1 and attenuation at port 2 could 
be adjusted to get a power null (minimum) at port 3. The circuit 
could first be characterised by putting a short at the amplifier port of 
the circulator. 

The device was protected from power line transients by a SCR 


triggered crow-bar circuit. 


2.4.2 Single-tuned Amplifier: 


Experimental observations were made for a d.c. bias current of 
29.5 mA and using a slide-screw tuner as the tuning element. Gain 
versus frequency characteristics of the amplifier are shown in Figure 
2.6. Small signal gain at -20dBm (0.01 milliwatt) input is 15 d with a 
3 db bandwidth of 10MHz. At OdBm (1 MW) input, the amplifier gain drops 
down to 4 dB and the 3 dB bandwidth increases to 38MHz. The SHife in 
frequency at which peak gain occurs is clearly evident. Figure 2.7 
presents input-output power characteristics of the amplifier. Saturation 
of the device occurs when large input signals are applied. Phase shift 
versus frequency for four input power levels is plotted in Figure 2.8. 
It is seen that the frequency at which the phase shift introduced by 
the amplifier is zero shifts downwards as the input power level is 


increased. 
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FIG. 2.6 GAIN VS. FREQUENCY CHARACTERISTICS OF SINGLE TUNED 
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The results obtained for the amplifier are in good qualitative 
agreement with the expected amplifier characteristics discussed in 
section 2.3. This suggests that the circuit admittance curve for the 


amplifier was smooth as in Figure 2.1, but changes rapidly with frequency. 


2.4.2 Double-tuned Amplifier: 


Two tuning elements, an E-H tuner and a slide screw tuner, were 
used for this waveguide amplifier. The d.c. bias current through the 
device was maintained at 30mA. Gain versus frequency characteristics 
of the amplifier are presented in Figure 2.9. A small-signal peak gain 
of 21db with a 3db bandwidth of 40MHz and ldb bandwidth of 13MHz is 
available with -30dbm input power level. For -10dbm input power, peak 
gain is reduced to 1l6db and the bandwidth increases to 60MHz within 1.5db 
gain variation. Gain peaks at lower frequency (10GHz) for Odbm and 
higher input power tore 

Figure 2.10 presents information about saturation of the amplifier 
at different frequencies. The gain expansion for lower frequencies at 
higher power levels is evident. It may be of particular interest to 
note that input power levels at which departure from small-signal 
operation occurs is highly dependent on the frequency. Phase-shift in- 
troduced by the amplifier versus frequency at different power levels is 
plotted in Figure 2.11. The phase shift within the frequency range of 
interest is 360°. The double-peak in the gain plots suggests the 


existence of a loop in the circuit admittance characteristics of the 


amplifier. 
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CHAPTER III 
THEORETICAL ANALYSIS OF IMPATT AMPLIFIER UPCONVERTERS 
A simple small signal analysis for the investigation of up- 
conversion characteristics of Impatt-amplifiers is discussed. 
Theoretical results from admittance considerations are calculated by 


use of simple computer programmes. 


Bel. Lntroduction: 

Upconversion in Impatt-amplifiers may be achieved by impressing 
the base-band (i.f.) signal on the bias circuit, while a microwave 
signal is applied to the input of the amplifier. The i.f. signal 
causes bias current modulation of the device, and because of non- 
linearity of the avalanche process, mixing of the two applied frequencies 
takes place so that sum and difference frequencies are generated. 
Because of the band-limiting property of the amplifier and negative 
resistance of the device, some of the frequency components are amplified. 
The upconverted signal at microwave frequency can be separated out by 
making use of suitable filters. Another method of achieving upconversion 
with an Impatt-device is to modulate the bias current of an oscillating 
diode and then filter out one of the sidebands generated. 

Apart from some experimental work [7] - [10], most of the theoretical 
work on this topic has been done using the Read model [1] - [6]. In 
many cases, the analysis is applicable to oscillators only (1) - [4]. 
The results discussed are qualitative and hold for practical devices 
only to the extent that the Read model represents practical diodes. 


An alternate method for the study of upconversion characteristics of 
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Impatt-amplifiers, based on the admittance behavior of the device and 


the circuit, will be the subject matter of the following sections. 


3.2 Small-signal Model: 


For the purpose of analysis, the problem of upconversion reduces 
to that of two (or more) frequencies interacting in a highly nonlinear 
device embedded in a microwave circuit. The non-linearity of the device 
strongly depends upon the frequency and power level of the input signal, 
the d.c. bias current and possibly the impressed i.f. signal. An exact 
study of such a problem is difficult, if not impossible, and for an 
accurate analysis a lot of computer time might be consumed in character- 
ising each non-linearity separately. 

With some assumptions and within certain limitations, however, a 
simple and approximate small signal theory may be used that explains the 
phenomena reasonably well. The analysis is based on the following 
assumptions: 

a. The i.f. signal is sufficiently weak as compared to a strong 
microwave or "pump" signal, 
b. The weak i.f. signal does not affect the admittance versus frequency 


characteristics of the device, and 


rede The intermediate frequency is low enough, so that the circuit and device 


admittances do not change significantly over the frequency band 

of centre frequency and side bands. 

The last assumption is perhaps the biggest limitation of this 
analysis. Nonetheless, the analysis is important for understanding the 


conversion process and for providing a basis for further extensions and 


improvements. 
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The small signal model, which is an extension of the admittance 
model explained in the previous chapter, is shown in Figure 3.2. Bias 
current modulation due to the low frequency base-band signal, can be 
considered to cause variations in device admittance vector at the signal 
frequency. These admittance vector variations cause a relatively larger 
percentage variation in the denominator vector D as compared to numerator 
vector N. The reflection coefficient of a negative resistance amplifier 


is given by: 
L 


where N and D are complex quantities. 


For an applied i.f. signal that bias modulates the amplifier, 
~u 
time dependent I will become: 


Y an ae 
ae eo (3.2) 
— 
age Gee 


Where Y_ is the complex load or circuit admittance as seen from the 
reference plane (device wafer), 
Y. is the complex device admittance when no external bias signal 
is applied,and 
¥ is the variation in the admittance vector dependent upon the 
applied i.f. voltage. 
The admittance variations for any applied bias current modulation 


at frequency w, can be represented as: 
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C353) 


where ly is the magnitude of admittance variation component at 


on 
n 


nth harmonic. Of prime important however, is the first order 


av 
variation of Y, for weak i.f. signals. This in a sinusoidal rep- 


d 


resentation can be written as: 
| Sinw,t (3.4) 


For small signals at fixed Wy» IY, | will be linearly related to 
1 


1.f£. voltage, Vig. 


During investigations of admittance behavior with change in 
current density, it has been reported [19], [22] that with an increase 
in the bias current the negative conductance of the device increases 
whereas its susceptance varies only slightly. Therefore, to simplify 
the analysis further, the small variations of susceptance, if any, due 


to bias signal are neglected, that is: 


~ 
Y, = [-G, + jo) Sinw,t G25) 
a ol - 


~\ 
Substituting (3.5) for Yq in (3.2) we get: 
if 


N + Ya Sinw,t 


Fe (3.6) 
TS = CJ J 
D- Ya Sinw,t 


N/D + Ya /D Sinw,t 
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~% ’ 
For IT to be finite at all times, YG /D should be less than unity, which 
a 
defines the condition of stability for the amplifier upconverters. 


Expanding Equation (3.7) into a power series: 


¥ Y 
¥ F sh © Ohi cny. Ahn 
= [N/D + aa inw,t}[1 + val ( ae yinesan wt (3.8) 
Y 
= NADEFe (leteN/D) OE ae ee ts (3.9) 
n=1 ‘ D sae 1 ; 
Substituting in (3.9): 
r = N/D (3.10) 
and 
Bo Ye /D (3.41) 
1 
both [T, 8 being complex quantities; we get: 
~~ = 5a ieee 
r= + [1 +7) Day 8 Sin wit (8412) 


where 8 < 1 for stable upconverters. 


Sin w t terms can be expanded into constant, Sinw,t, Sin2w_t, 


1 i 


seeeee, Sinn, t terms. 


Each even value of n in (3.12) makes contribution to the constant 
component of [T and even harmonic terms of Wy and each odd value 


contributes towards sinw,t and odd harmonic terms. The expansion can 


be expressed as: 
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% 
‘ 4 


= [fr + [1 + r][1/2 g oor =e) ie g° teeters | ae 


5 K- K 
+ Sinw,t[1 + 1][3/4 So Ie CL AT ee ae ene ae 


+ Cos2u,t[1 + rea gece] A FE eee masa (3.13) 


C 


K 1284 ate | K=1 


The coefficients [Cyr5 Up eee pet /K oad 


are both 
monotonically decreasing functions of K. Their values up to K=30 are 
given in Table 3.1. Also since 8 is always less than unity, the 
infinite series in coefficients of the constant and Sinw,t, Sin2w,t pies 


terms are convergent. 


At the output port we will get 
% 
v= Ti|v, | Sinw t (3.14) 
in Pp 


a, being the microwave "pump" frequency. 

Equation (3.14) gives all the frequency components present in the 
output. The output spectrum therefore should be as shown in Figure 3.2. 
The first order components, one below and the other above the centre 
frequency are the largest and of prime importance. Further analysis in 
this work, mainly concentrates on these sidebands and the centre 
frequency Ore 

The time independent term directly gives the voltage gain at the 


centre or microwave frequency while the Sinw,t term will give rise to 
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Table 3.1 Coefficients of the Power Series Terms in Equation (3.13) 
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FIG. 3.2 OUTPUT SPECTRUM OF THE AMPLIFIER UPCONVERTER 
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two equal sideband components. 


From equations (3.13) and (3.14), the centre frequency gain will be 


given by: 
. Ka. 
CF Gain = 20 log fr + [1 + r][1/2 B- + 3/8 gt + 5/6 don ee Rie a 
2 
3315) 
and the microwave conversion efficiency, defined as: 
_ Upconverted (sideband) power 
n : = : 3:16) 
conversion Input microwave power 
will be given by: 
Ko 
DO ogi Wahl HT Ii3ie. 6 5/8 Basen ets. +1 = oe aes | 
2 K odd 
C32) 


Equation (3.17) has been derived on the basis of equal sideband 
components. In practice, the sidebands may not be equal because the 
circuit admittance and its response may not remain constant over the 


frequency band, as we have assumed. 


3.3 Theoretical Results: 

Typical theoretical results were obtained using the device and the 
circuit admittance data of Figure 2.1. Known points at specific 
frequencies and r.f. levels were taken and other points at different 


frequencies were interpolated. The computer was used to calculate T and 
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8 for different frequencies at fixed r.f. voltage levels. Using (3.16) 
and (3.17), the centre frequency gain and conversion efficiency at each 
frequency were also calculated. The infinite sum of series was considered 
to have reached its limit when absolute value of increment in (3.16) 
and (3.17) decreased to 0.01 or less. For all the admittance values 
considered, this limit was reached with K less than 30 for all the 
frequencies. 

The conversion efficiency or sideband gain for chosen values of 
Ix. | as, 0.1;.0.2, 0.4, 0.6 at 1OV r.f. signal level is plotted in 


a 


Figure 3.3. With increasing ly or i.f. voltage, the conversion 


| 
ol 


efficiency increases at all frequencies. Also, conversion efficiency 
curves closely follow the corresponding gain versus frequency character- 
istics of the amplifier in Figure 2.4. The conversion efficiency versus 
frequency curves for different r.f. power levels but fixed value of 

i 4 = 0.1, shown in Figure 3.4,confirm this observation. It is interest- 
Bes note that a shift in frequencies at which the amplifier has 

maximum gain for different power levels is also reflected in conversion 
efficiency versus frequency plots. 


The expected conversion efficiency as a function of IY. | at 


different power levels is plotted in Figure 3.5. It is mae ae to get 

a higher conversion efficiency with low hee (small i.f. signal 

level) at smaller microwave (r.f.) power levels. Higher upconverted 
(sideband) power levels can be obtained at higher r.f. levels, but 

with reduced conversion efficiency. Ina practical amplifier upconverter, 


therefore, a compromise has to be arrived at for the microwave input 


level, conversion efficiency and desired upconverted power. Theoretically, 
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it is possible to have the upconverted output power equal to the maximum 
power that could be delivered by the diode when acting as an oscillator. 
As evident from Figure 3.6, the centre frequency gain also under- 


goes some change with increasing Ya i.e. increasing i.f. level. 
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CHAPTER IV 
EXPERIMENTAL RESULTS FOR IMPATT AMPLIFIER 
UPCONVERTERS 
Experimental results obtained for two X-band Impatt-amplifiers 
being used as upconverters are presented in this chapter. The results 
are compared qualitatively with those analysed in the previous chapter 


and the validity of the theory is discussed. 


4.1 Introduction 

The measurements of the upconverter characteristics were done 
using simple and direct measurement techniques explained in section 4.2. 
Since there are such a large number of parameters (including the physical 
parameters of the device) on which the converter performance depends, 
it is impractical to examine the behavior of an upconverter as a function 
of each one of them. The upconverter performance characteristics were 
studied as a function of some of the important parameters "external" 
to the device so as to verify qualitatively some of the results analysed 
in Chapter III. These "external" parameters include input microwave 
frequency ,input power, the i.f. signal levels and the d.c. bias current. 
It should be pointed out that the measurements, as presented, were made 


at the output port of the upconverter. 


4.2 Measurement Circuit Used: 

The circuit used for measurement of upconverter performance character- 
istics is shown in Figure 4.1. The circuit is basically the same as used 
for amplifier measurements, except for the passband filter in the output 


and the bias circuit of the Impatt-amplifier. 
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The Impatt-device in the coaxial amplifier was biased through a 
bias tee (Microwave/FXR HW-90N) which has a minimum of 25 db isolation 
between d.c. and the r.f. For the waveguide amplifier the bias could be 
directly applied through a BNC connector (UG-1094/U) at the back of the 
amplifier. D.C. voltage was applied through a 24 uH r.f. choke in parallel 
with a 1000 ohm resistor. The i.f. signal was applied from a VHF 
oscillator (hp3200B) through a d.c. blocking capacitor of 1 uf. An 
oscilloscope (Tektronics 7904) with response up to 1GHz was used to 
monitor the i.f. levels, via a BNC tee. 
Output spectrum and levels of different frequency components 
were monitored at the output sampling directional coupler. A tunable single 
cavity narrow band-pass filter could be used to filter out the upconverted 
(sideband) signal. The filter had an insertion loss of 4dB and 3dB bandwidth 
of approximately 20MHz. The filter was only used for distortion measurements 


in section 4.4 where intermediate frequency was 70MHz. 


4.3 Experimental Results: 

The bias current for almost all the measurements on the single-tuned 
narrowband coaxial amplifier was maintained at 29.5ma and for the double- 
tuned waveguide amplifier it was kept at 30ma. The amplifier response is 
very sensitive to the tuning positions (circuit admittance). During the 
course of the work small changes occurred in the tuning. To account 
for these changes and for the purpose of immediate comparison the 
oscilloscope displays of gain versus frequency plots for both the single 
tuned as well as double tuned amplifiers are shown in Figures 4.2 and 


4.3. The vertical scale was calibrated using the spectrum analyzer and 
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is not linearly related to the gain in dbs. 


4.3.1 Single-tuned Amplifier Upconverters: 


The i.f. frequency for most of the measurements, was selected to be 
10MHz so that the theoretical assumption that circuit eda e canes is 
almost constant in the band of centre frequency and first order sidebands 
Molds within reason. 

Lower sideband (LSB) conversion efficiency as a function of 
microwave frequency at different input power levels is plotted in Figure 
4.4. A small-signal i.f. voltage of 0.2V peak to peak op) was selected. 
The plots compare very well with the amplifier gain characteristics of 
Figure 4.2 and qualitatively with theoretical results in Figure 3.3. 

The shift in frequency at which the maximum efficiency (gain) occurs, 

and increase in bandwidth with increase in signal levels is quite 

apparent. A maximum conversion efficiency of -2dB is observed. For higher 
i.f. levels, however, this efficiency increases. 

The increase in upconversion efficiency with increase in i.f. level 
is evident in plots of Figure 4.5. A microwave input of -5dbm was 
selected as a compromise between small and large microwave signal levels. 
The i.f. signal levels of 0.1, 0.2, 0.4, 0.6 Volts (peak to peak) were 
chosen for comparison of these results with those theoretically obtained 
in Chapter III. Except for i.f. level of 0.6 volts the results are in 
a very good qualitative agreement with theoretical broadband results in 
Figure 3.1. At 0.6 Va the 'dip' at a frequency of 9.950GHz might have 
been caused because of some higher order admittance variation components 
becoming prominent or due to local change in device admittance character- 


istics at that frequency. A shift in frequency where maximum of conversion 
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efficiency occurs at different power levels is also noticeable. The 
shift becomes more prominent at higher i.f. levels. This suggests that 
there is indeed some change in admittance characteristics due to large 
i.f. signal, an effect that has been neglected in the analysis. 

The change in device-admittance characteristics and hence the 
frequency of maximum conversion efficiency is more clearly evident in 
Figure 4.6. This figure represents plots of conversion efficiency versus 
i-f. signal levels. At small signals the microwave frequency was 
adjusted to the frequency at which the gain of the amplifier was maximum. 
The conversion efficiency curves for small microwave inputs (-10dBm, -5dBm) 
follow the theoretically expected curves for very small i.f. after which 
the curves start droping down. When the microwave frequency was re- 
adjusted so that centre frequency component again could be maximum the 
dotted curves were obtained. These follow the theoretically expected 
curves. At larger microwave inputs (OdBm, 5dBm) results are similar to 
those theoretically expected. It is interesting to note from the curves 
that the i.f. levels at which this change in characteristics takes place, 
depend upon microwave input level. It is reasonable to conclude from 
these observations, therefore, that the analysis presented in the previous 
chapter is applicable for very strong microwave pump signals only. 

Lower side band was used for calculation of conversion efficiency 
for all the plots discussed above. The choice of LSB was arbitrary. Any 
convenient sideband can be used for the output. As is quite apparent 
from Figure 4.7, USB can be bigger in magnitude than LSB depending upon 
input microwave frequency. The inequality of sidebands may be due to 
circuit admittance at sideband frequency being different from circuit 


admittance at centre frequency. It is worth noticing that sidebands are 
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equal when microwave frequency is adjusted where peak of CF gain pees 
Also, the maximas of the LSB and USB are displaced exactly by Peete 
frequency from this centre frequency, on either sides. 

Lower and upper sideband magnitudes as a function of d.c. bias 
current are plotted in Figure 4.8. The microwave frequency was adjusted 
so that the amplifier had maximum gain (at 29.5ma d.c. bias current). 
The saturation of sideband components with bias current, similar to the 
power saturation in Impatt-amplifiers can be observed. The amplifier 
being narrow-band in frequency, measurements for varying i.f. were not 
done because as the microwave frequency or the components fall out of 
amplification band, the sidebands become very small (less than -—20dBm 


at ~~ 2dBmmicrowave input). 


4.3.2 Double-tuned Amplifier Upconverter: 


A second set of measurements was taken on the relatively broad- 
band waveguide amplifier. 

Lower sideband conversion efficiency versus the microwave frequency 
at different input power levels is plotted in Figure 4.9. Intermediate 
frequency was kept as 10MHz at a level of GaP eon. The bandwidth 
characteristics in the plots closely follow the amplifier gain plots 
in Figure 4.3. The double peaks and decrease in efficiency with extended 
bandwidth for higher microwave inputs are also noticeable. 

The intermediate frequency for all the experimental results discussed 
so far was 10MHz. This was done in order to verify the analysis of 
Chapter III. In practical microwave upconverters, however, much higher 


i.f. (70-140MHz) is used. The rest of the measurement data for the 
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broadband amplifier, therefore, was obtained at 70MHz i.f. Figure 4.10 
shows the LSB magnitude versus input microwave power plots at different 
microwave frequencies. The saturation of sideband power in the up- 
converter at increased input power seems to be similar to saturation 
properties of Impatt-amplifier shown in Figure 2.9. At Odbm input, the 
sideband power increases to 9dBm at 10.075 GHz input. These results 
indicate that the upconverter performance behavior is similar to the 
amplifier performance characteristics. 

LSB conversion efficiency versus i.f. peak to peak voltage at 
different input microwave power levels is plotted in Figure 4.11. A 
maximum conversion efficiency of 13 dB was obtained. The curves are in 
remarkable qualitative agreement to those expected upto about TE 
i.f. level. The efficiency curves start departing from the expected 
behavior at higher i.f. levels, possibly because of shift in device 
admittance characteristics as already explained in section 4.3.1. It is 
to be noticed that this departure from expected behavior takes place 
at higher i.f. levels in broad-band amplifiers as compared to narrow-band 
case. The LSB magnitude versus i.f. voltage plots at different microwave 
input frequencies, shown in Figure 4.12, indicate that maximum LSB power 
output is available for 10.075GHz input frequency. At this microwave 
frequency the LSB component (at frequency 10.005GHz) falls at the 
amplifier gain peak as is evident in Figure 4.3. 

In Figure 4.13, the LSB, USB and centre frequency components as 
a function of input microwave frequency are plotted at an input level 
of -5dBm. The side-bands are equal when the microwave input frequency 


is in the centre of the amplifier band. The results indicate that the 
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upconversion band width is smaller than the amplifier bandwidth. nis. 
the component magnitudes are maximum when both centre frequency aaa side- 
band components fall within the amplification band of the amplifier. 

It can also be observed that when the microwave frequency is within 

the amplification band of the amplifier (larger gain) the he in the 
magnitude of sidebands is relatively slow as compared to the drop when 
it is outside the band. This is rather an interesting observation 
because in equation (3.17) that gives sideband magnitudes [1 +I] is a 
multiplying factor in the expression, where [ is the centre frequency 
voltage gain. It can be concluded from these plots and above discussion 
that sideband response of the upconverter is determined by both the 
centre frequency gain of the amplifier and the response of the microwave 
circuit at component frequencies. A maximum of upconverted power (side- 
band) can be obtained by optimization of both of these values. 

In Figure 4.14, upper sideband (USB) magnitudes as a function of USB 
frequency are plotted. Various fixed microwave frequencies were selected 
while i.f. was varied. For r.f. frequency outside the amplification band 
(9.950GHz), lower sideband response remains very small (less than -35dbm) 
and the USB response follows the gain curve of the amplifier, with its 
maximum magnitude being -12dbm. At the r.f. frequencies closer to the 
centre of the amplification band (higher CF gain) the USB response goes 
up, still following the gain curve of the amplifier. Similar behavior 
was observed when the r.f. frequency was tuned towards the upper end of 
the amplification band and LSB response was observed. The dependence 
of sideband magnitude on centre frequency gain is quite apparent. Also, 
when a frequency modulated i.f. signal is impressed upon the bias of the 


amplifier, f.m. to a.m. conversion is expected to be small because of 
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wideband upconversion response. At input frequency of 9.990GHz, the 
response variations remain within 3db over the total amplifier hand 
The performance should further improve by making the amplifier response 
flatter. 

According to the analysis in Chapter III, the sideband Gea cESe 
in the bias-modulated Impatt-amplifiers is expected to be mainly due 
to gain magnitude variations with the applied signal. To verify this, 
the experimental set up of Figure 4.15 was used to directly compare the 
sideband magnitudes as seen from the spectrum analyzer with those 
expected from oscilloscope display of crystal detector output. It is to 
be noted that crystal diode will detect only the magnitude variations in 
the r.f. signal. The calibration curve of the diode detector, namely, 
the plot between d.c. voltage output and/P. where Pea is microwave 
input power, was observed to be a straight line. The output of the 
detector for varying r.f. amplitude would be as shown in Figure 4.16. 
The expected sideband magnitude for a.m. can be directly calculated in 
dBs from the output d.c. voltage Vac, and the detected ater eae 


Vac 2 PY using the following expression: 


V 
ac 


Sideband Magnitude = 20 log a. (4.1) 
dc 


The measurements were made using a low bias-modulation frequency 
(1MHz) because of detector frequency response. The saturation of the 
diode could be avoided by precision attenuator in the output circuit. 

The calculated sideband magnitudes and those measured on the spectrum 
analyzer are shown in Table 4.1. Measurements at 10.070GHz for different 


microwave input and i.f. levels indicate that measured values are 
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comparable within ldBwith those expected. However, at 10.005GHz the 
measured values are observed to be upto 5dB greater than those We 
This suggests that at this microwave frequency, the r.f. signal could 
be frequency (phase) modulated because of applied i.f., which would 
make an additional contribution to the sidebands. 

A frequency discriminator,in the place of crystal detector was 
used to test the presence of f.m. After application of bias signal 
some signal was detected at the output of the discriminator, which in- 
creased with increasing i.f. level. This indicates that the bias 
modulation could cause the susceptance of the device to vary with the 
signal frequency, depending upon the point of operation in the admittance 
plane. Any further analysis on the topic should take this factor into 
consideration. The contribution to the sideband component due to 
frequency (phase) modulation is not necessarily undesirable. The 
important criterion for the upconverter to be used in system applications 
is the amount of distortion it introduces in the signals modulated on the 
i.f. For flat response upconverters, the a.m. distortion in frequency 
modulated signals on the i.f. is expected to be small, as discussed in 


section 4.5.2. 


4.4 Signal Distortion in Impatt-amplifier Upconverters 


The nonlinear saturation mechanism of the sideband components as 
observed in Figure 4.10 should be expected to cause signal amplitude and 
phase distortions in the upconverter at higher microwave input levels. 
The studies of distortion introduced by Impatt-amplifier upconverters in 


the amplitude and frequency modulated signals on the i.f. are important 
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FIG, 4.15 A.M. DETECTION OF BIAS MODULATED SIGNAL 


FIG. 4.16 OSCILLOSCOPE DISPLAY OF THE DETECTED STGNAL 


TABLE 4.1 SIDEBAND MAGNITUDE FROM SPECTRUM ANALYZER AND 
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for system applications. But,because of nonavailability of VHF source 
with f.m., the distortion test for f.m. signals could not be performed. 
An experimental investigation into the distortion for an amplitude 


modulated signal was made. 


4.5.1 Measurement Circuit: 

The measurement circuit was the same as shown in Figure 4.1, with 
a few additions. An amplitude modulated i.f. was applied at the bias 
circuit. The audio signal modulated on r.f. was detected by using a 
crystal detector (HPX424A) at the narrow pass-band filter output. It 
was assumed that the detector diode does not introduce significant 
distortion in the output signal. Both the input audio signal and 
detected output signal could be directly compared on the oscilloscope. 
By using a low frequency spectrum analyzer (Systron Donner 710/800) 


the second and third harmonics of the audio signal could be measured. 


4.5.2 Experimental Results: 


A frequency of 10KHz was used for amplitude modulation of the 
intermediate frequency of 70MHz. Input microwave frequency of 10.073GHz 
was selected so that the LSB (at 10.003GHz) was maximum. The filter was 
tuned to this frequency and the distortion was studied in terms of 
harmonic contents. The input microwave signal was varied to different 
levels. The third harmonic was always more than 50db below the 
fundamental. The second harmonic contents are plotted in Figure 4.17. 


A minimum is observed at -10dBm input. Harmonic contents increase with 


increased input levels as expected. In Figure 4.18 the relative 
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FIG. 4.17 RELATIVE MAGNITUDE OF SECOND HARMONIC VS. INPUT 


MICROWAVE LEVEL 
-20 
MICROWAVE INPUT ~-5dBm 


INTERMEDIATE FREQUENCY 70MHz 


0 0.1 0.2 0.3 0.4 0.5 0.6 


L2P AVOLIAGE (V25) 
pP 


FIG. 4.18 RELATIVE MAGNITUDE OF SECOND HARMONIC VS. I.F. 
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amplitude of the second harmonic is plotted as a function of i.f. voltage. 
A Minimum is observed at 0.4 ee Again the third harmonic was always 
more than below the fundamental. The results indicate that the 
distortion of the upconverter for amplitude modulated signals is very 
small. The second harmonic is seen to be always more than 30dB below 
the fundamental. 

Similar tests could be performed for frequency modulated i.f., 


replacing the crystal detector with a frequency discriminator. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 

A simple theoretical analysis of perforpes upconverter character- 
istics was carried out using the device and the circuit admittance data. 
The analysis was done by considering that the bias current modulation 
due to applied i.f. signal causes the admittance of the device to vary. 
This causes the amplifier gain to vary and, therefore modulation of 
the output signal, when a signal with fixed level and frequency is 
applied at the input. One of the sidebands (usually first) can be 
filtered out as the output. The following conclusions can be drawn from 
the analysis and the experimental results of the Impatt-amplifier up- 
converter: 

Large conversion gain of the order of 13dB could be obtained. 
Conversion gain (efficiency) is large for small r.f. inputs and it 
decreases with increasing level of input signal. _ The upconverted power 
output, however, is greater for larger microwave input signals. Therefore, 
a compromise has to be made, while selecting input power level, between 
the output power and the conversion efficiency. 

Larger conversion gain can be obtained by an increase in i.f. signal 
level. At larger i.f. but small r.f. levels a shift in poniceance 
characteristics may cause the output to decrease, for a fixed input micro- 
wave frequency. The centre frequency can be readjusted to get a larger 
sideband response. 

With an increased level of microwave input signal the denominator 
vector D increases and the gain of the amplifier decreases. However, a 
larger microwave signal level allows a larger i.f. signal to be applied 


at the bias circuit before the upconverter becomes unstable. 
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Large sidebands with decreased conversion efficiency can be achieved 
at higher r.f. levels. 

The Impatt-amplifier upconverter performance is similar to the 
amplifier characteristics. Therefore, better upconversion performance 
can be obtained by better amplifier design. 

Some additional conclusions can be drawn from the experimental 
measurements on two Impatt-amplifiers. 

The sideband magnitude depends upon the circuit response at the 
component frequencies. Either of the sidebands (LSB or USB), therefore, 
could have larger magnitude depending upon the gain characteristics of 
the amplifier, input microwave frequency and the intermediate frequency. 

The sideband magnitude is maximum when both the sideband component 
and the centre frequency lie in the amplification band of the amplifier. 
For broadband upconversion characteristics, therefore, the amplifier 
should be very broadband. 

The sideband magnitude depends upon the centre frequency gain, 
input power level and the d.c. bias current. An optimum selection of 
these parameters has to be made for maximum sideband power. 

The bias modulation could also cause some frequency and phase 
modulation of the r.f. particularly at higher i.f. levels. This causes 
an increase in the sideband level and therefore contributes to the up- 
converted output. 

Distortion introduced by the Impatt-amplifier upconverter in the 
audio signals amplitude modulated on i.f. is very small. Second harmonic 


is more than 30dB below the fundamental. 
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5.1 Suggestions for Further Work: 


An exact study of upconversion phenomena in Impatt-amplifiers from 
admittance considerations should be possible by including the following 
effects: 

bes The device susceptance variations with applied bias signal 

should be included in the analysis. An estimate of the complex 

constant relating admittance variations to the small signal i.f. 

level may be necessary. 

re The circuit response at the component frequencies plays an 

important role in determination of component magnitudes. The 

effects should be included in the analysis. 

ays The nonlinearity of device admittance and its variation with 

bias signal may be characterised. It may be possible then to exactly 

predict the sideband response and the intermodulation products 

in the upconverter. 

4. A study of distortion introduced by the upconverter, when the 

baseband signal is frequency modulated, is necessary to investigate 


the usefulness of Impatt-amplifier upconverters in microwave systems. 
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